Species interaction plays a vital role in structuring communities by stimulating behavioral 10 responses in temporal niche affecting the sympatric associations and prey-predator 11 relationships. We studied relative abundance indices (RAI) and activity patterns of each 12 species, temporal overlap between sympatric species, and effects of moon cycle on predator-13 prey relationships, through camera-trapping in tropical semi-evergreen forests of Manas 14 National Park. A total of 35 species were photo-captured with 16214 independent records over 15 7337 trap nights. Overall, relatively high number of photographs was obtained for large 16 herbivores (11 species, n=13669), and low number of photographs were recorded for large 17 carnivores (five species, n=657). Activity periods were classified into four categories: diurnal 18 (day-time), nocturnal (night-time), crepuscular (twilight), and cathemeral (day and night time) 19 of which 52% records were found in diurnal period followed by 37% in nocturnal phase 20 whereas only 11% photographs during twilight. Small carnivores were strictly nocturnal 21 (leopard cat and civets) or diurnal (yellow-throated marten and mongooses); whereas large 22 carnivores were cathemeral (tiger, leopard, clouded leopard and Asiatic black bear). Analysis 2 23 of activity patterns throughout the 24-h cycle revealed a high degree of temporal overlap 24 (>60%) among most of the sympatric species; however, differences in the activity peaks were 25 found between most of the species pairs. Moon phase was classified according to the 26 percentage of visible moon surface as new (0-25%), waxing (25-50%), waning (50-75%) and 27 full moon (75-100%). Moon phase did not have any correlation with activity of large carnivore 28 and large prey. The large carnivore followed the feed and starve pattern of cyclic activity. The 29 activity of small carnivore was influenced negatively by moonlight ( partial correlation r = -0.221, 30 p<0.01). The result suggests that large carnivores were active non-differentially across moon 31 phases; however, small carnivores showed significantly high activity in darker nights. These 32 patterns indicate that small predators may differ their activity temporally as an anti-predator 33 strategy or otherwise to increase their foraging efficiency. 34 Keywords 35 Camera-trapping, tropical forest, temporal overlap, sympatric, moon phase, prey-predator 36 relationship 37 42 carnivores, interspecific interactions are particularly relevant because of their role in the top-43 down control and also serve as flagship species in the conservation of biodiversity in many 44 terrestrial ecosystems [4]. Though, given the vital role of consumers and through trophic 45 cascades, changes in the environment could promote an increase of medium-sized carnivores 3 46 or mesopredators, due to top predator removal [5] which can cause substantial changes in the 47 dynamics of interaction among sympatric species [6], with adverse effects on subordinate 48 species. Thus, to minimize risks, subordinate species tend to avoid encounters with dominant 49 species [7], by modifying their activity patterns according to that of the dominant species [8].
Introduction 38
Species interactions are one of the most studied areas in community ecology, as interspecific 39 behavior can largely regulate the composition and structure of community assemblages [1] . 40 There are numerous studies about coexistence and resource partitioning between carnivores in 41 tropical forests [2, 3] , but few focuses on activity patterns and temporal segregation. For 7 138 Kalmar, Sweden). Species were classified as diurnal (<10% of observations in the dark), 139 nocturnal (<90% of observations in the dark), mostly diurnal (between 10-30% of observations 140 in the dark), mostly nocturnal (between 70-90% of observations in the dark) and crepuscular 141 (50% of observations during the crepuscular phase), the rest of the species were classified as 142 cathemeral [47] . overlap (Δ 4 =0.74) was found between large Indian civet and palm civet (Fig 2) . Leopard cat 216 had a strong bimodal pattern, with a stronger peak at around 23:00 hr and a less pronounced 217 peak from about 01:00 to 04:00 hr. Large Indian civet also showed the bimodal pattern as it 218 increases post-sunset and reaches its peak at around 22:00 hr and then starts to decline; again, 219 it starts rising post-midnight and reaches its peak at about 01:00 hr and then begins to fall (Fig   220   2 ). Other two civets (small Indian civet and Asian palm civet) had also shown a bimodal 221 pattern, but with differences in peaks; less pronounced peaks for both the species were between 222 19:00 to 23:00 hr and 03:00 hr, whereas stronger peaks were about at 04:00 hr and 17:00 to 223 22:00 hr respectively (Fig 2) . High temporal overlap was found between all the four diurnal 224 small carnivores, with the highest coefficient value of Δ 1 =0.84 (±0.09) between crab-eating 225 mongoose and yellow-throated marten, followed by crab-eating mongoose and grey mongoose 226 (Δ 1 =0.77); whereas least coefficient value (Δ 1 =0.54) was found between small Indian 227 mongoose and yellow-throated marten (Fig 2) . Small Indian mongoose showed a unimodal 228 pattern, and it increases post 05:00 hr and reaches its peak at around 11:00 hr and then starts to 229 decline gradually until 18:00 hr (Fig 2) . Grey mongoose, crab-eating mongoose, and yellow-230 throated marten were active throughout the light phase, had a bimodal activity pattern, with a 231 stronger peak at 06:00, 15:00 and 16:00 hr, whereas less pronounce peak at 15:00, 08:00 and 232 06:00 hr respectively (Fig 2) . Melogale moschata (n=1), Felis chaus (n=3), and Lutrogale 12 233 perspicillata (n=10) had the fewest detections and therefore, were not considered for activity 234 analysis (Table 1) . showed the highest daily activity overlap Δ 4 = 0.82 (± 0.03) for any 2 species of top carnivores 244 in the study area, followed by leopards and Asiatic black bears (Δ 1 = 0.82); whereas lowest 245 overlap Δ 1 = 0.10 (± 0.07) was found between clouded leopards and dholes (Fig 3) . Leopard 246 was active throughout the day and night but was more active during daylight, with peaks in the 247 early morning and late afternoon; tiger had also shown cathemeral activity pattern but was least 248 active from about 10:00 to 15:00 hr (Fig 3) . Two activity peaks (between 21:00 and 23:00 hr 249 and between 2:00 and 4:00 hr) were observed for clouded leopards, suggesting a bimodal 250 activity pattern of the species (Fig 3) . Dholes, showed a unimodal pattern of activity, with 251 peaks between 06:00 to 09:00 hr (Fig 3) Fig 3) . A synchronized least-active pattern was noted between midnight and 03:00 hr 255 for all the detected large carnivores (Fig 3) . yellow-throated marten (Fig 4a) . Activity patterns of large carnivores and its prey showed 265 variable temporal overlap with the highest overlap between tiger and wild buffalo (84%) 266 followed by sambar (84%), hog deer (84%), and gaur (79%) (Fig 4b) . In case of leopard highest 267 overlap was found with hog deer (76%) followed by gaur (74%), barking deer (72%) and wild 268 buffalo (72%) (Fig 4b) . Clouded leopard had shown highest overlap with Himalayan crestless 269 porcupine (66%), followed by sambar (65%) whereas dhole had maximum overlap with wild 270 boar (52%) and barking deer (50%) (Fig 4b) . Chital (n=1) and hispid hare (n=1) had only one 271 detection and therefore, were not considered for the analysis (Table 1) . in full moons except for dhole while small carnivores had more photographs at new moon 281 phase, except for Asian palm civet ( Fig 5) . Dhole activity was found mainly diurnal with only 282 9% photographs in nocturnal periods, out of which around 58% records were recorded in darker 283 nights ( Fig 5) . On the other hand, Asian palm civet had more photographs in full moon (33%); 284 and 21% photographs were recorded in new moon phase ( Fig 5) . All three photo-captured small 285 prey such as red junglefowl, kalij pheasant, and Indian hare had more photographs in the new 286 moon phase ( Fig 5) . Larger prey showed almost uniform activity in all moon phases, with 287 highest records in new moon (wild buffalo, hog deer, wild boar, Himalayan crestless porcupine 288 and Indian peafowl); whereas the remaining three species (gaur, barking deer and sambar) had 289 more photographs in a full moon ( Fig 5) . phases. The dashed line is to separate small carnivore and their prey, large carnivore and their 294 prey, large carnivore and small carnivore respectively.
295
One-way ANOVA result pointed significant difference only for small carnivore (F= 5.007, 296 p<0.005) and for small prey (F= 3.697, p<0.05). In case of small carnivores, the Tukey's HSD 297 for post-hoc result showed significant more records in new moon (mean differences= 1.52, 298 p<0.005) and waning moon (mean differences= 1.38, p<0.05) than in full moon. For small 299 prey, more photo-captures were recorded in waxing moon (mean differences= 1.21, 1.49; 300 p<0.05) than in new moon and waning moon respectively.
301
The results of the partial correlation depicted a negative relation between small carnivore and 302 moon visible surface while controlling for small prey (r= -0.221, p<0.001) and large carnivore 303 (r= -0.213, p<0.01) (Table 2) . However, Pearson's product-moment correlation also known as 15 304 the zero-order correlation showed statistically significant, negative correlation between small 305 carnivore and moon visible surface (r= -0.205, p<0.01), without controlling for small prey or 306 large carnivore. This suggests that small prey or large carnivore had very little influence in 307 controlling the relationship between small carnivore and moon visible surface.
308 The current study provides baseline information on activity patterns and temporal overlaps of 317 mammals of Manas National Park as well as it is also the first of its kind of research on moon 318 illumination and effect of moon phases on prey-predator interactions in tropical forests of India.
319
Results from the present study are mainly concordant with basic accounts of natural history 320 (i.e., whether a species is most active during the day or night) [50] . We also compared our 321 results with those of previous studies on species body size, activity pattern and temporal 322 overlaps of mammalian fauna. The lunar cycle results largely showed that the moonlight has a 323 stronger effect on the activity of the prey than on the behavior of the predator. barking deer and sambar) ( Figs 5 and 6b ). Large carnivore did not get influenced by moonlight 429 as they follow the feeding and starvation pattern of cyclic activity across a lunar cycle (Fig 6a) . 430 We, therefore, suggest that large carnivores switch their type of prey, they hunt in different 431 moon phases, their hunting efficiency increases in the full moon and the greater foraging 432 benefits they take in brighter nights as they are more photo-captured during a full moon (Fig   433   5 ).
434
Small-sized prey species were more active during brighter nights to avoid predation risk against 435 smaller carnivores ( Fig 5) . This anti-predator behavior is already well recognised for the 436 species such as marsupials and rodents [33] . However, statistics showed that moonlight did not 437 influence the activity of small prey (Fig 6d) . Small carnivores displayed a higher level of 438 activity during the darker nights when reduced brightness hampers their visual detections by 439 large carnivores which were active more in brighter nights (Fig 5) . Tukey and partial 440 correlation tests also highlighted that moonlight had negative influence on the small carnivore 441 activity; their activity decreases with an increasing moonlight intensity (Fig 6c, Table 2 ). Our result suggests that despite historical ethnopolitical conflict and continued threats in some 449 areas, MNP supports a diversity of mammalian fauna of conservation concern, including 450 clouded leopards, dholes, tigers and other species. Adaptations are bidirectional and take place 451 over at least two dimensions: spatial and temporal [9, 98] and our study focuses primarily on 452 the temporal component and provides some interesting insights into the diel activity patterns 453 and temporal overlap among mammals of MNP. The current study also highlights the 454 significance of incorporating moon illumination into movement and activity pattern of 455 mammals as well as interactions between prey-predator in tropical forests of India. The brighter 456 hours or full moon lights shows an inverse relation in the activity pattern of prey and predator.
457
Camera trapping is effective in recording species interaction but with certain limitations such 458 as the inability to account for detection probability, which is bound to vary with species [76] .
459
Placement of camera traps should be done depending on size, habitat and activity pattern of 460 species. Like in our study, some of the species are at least partially, or even predominantly, 461 arboreal such as clouded leopard, small prey and primate species. Hence, activity patterns of 462 such species would be better explained if camera-traps were deployed in species-specific 463 habitats. Moonlight effects were not only related to the trophic level and were better explained 464 by phylogenetic relatedness, visual acuity, and habitat cover. 
